W e constructed a hybrid plasmid to allow controlled expression of a gene and the subsequent secretion into the culture medium of the gene product in Escherichia coli. This was achieved by the use of five trp promoter-operator regions in tandem followed by the DNA fragment coding for the signal peptide and the N-terminus of the OmpF protein, and the trpR gene coding for the Trp repressor. Multiplication of the trp promoter-operator appreciably enhanced expression of the gene that followed. A single copy of the trpR gene on the chromosome was insufficient for controlling the enhanced expression. The expression was, however, completely controlled when the trpR gene was cloned onto the same plasmid. When the multiple trp promoter-operator was followed by the DNA fragment coding for the signal peptide and the N-terminus of the OmpF protein that was further followed by the gene for human /?-endorphin, a /?-endorphin-containing polypeptide was synthesized under the complete control of the trp promoter-operator, and secreted to the culture medium across both the cytoplasmic membrane and the outer membrane. Controlled expression of a foreign gene and subsequent secretion into the medium of the product were thus achieved.
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The ompF gene codes for major outer membrane protein OmpF of Escherichia coli. The gene has been cloned,^sequenced2) and characterized intensively. 3'4) OmpF is one of the most abundant proteins in E. coli cells, indicating that the gene is expressed very actively in the cells. In addition, OmpF is a secretory protein in that it has to be exported across the cytoplasmic membrane to reach the Outer membrane proteins were recovered by centrifugation at 100,000 x g. for 1 hr at 20°C, dissolved in the sample buffer described by Laemmli13) at 100°C for 5min, and then analyzed by electrophoresis on urea-SDS (sodium dodecyl sulfate)-polyacrylamide gels as described.14)
The amounts of membrane preparations were normalized according to the cell density at the time of harvesting. Gels were stained with Coomasssie Brilliant blue.
DNA manipulations.
Procedures used for DNA mani- Assaying of p-endorphin. A radioimmunoassay (RIA) kit from New England Nuclear was used for assaying offiendorphin-containing peptides.
RESULTS
trpPO-controlled expression of OmpF For expression of the intact ompFgene, the domain consisting of about 110 nucleotides upstream of the mRNA start site and about 17 nucleotides downstream of the start site is indispensable3* (see Fig. 1 ). The role of the region between this domain and the translation start site is unclear. trpPO-ompF hybrid genes in which the ompF promoter is replaced by trpYO were constructed previously.9) Some o f them, shown in Fig. 1 , were tested as to repression by tryptophan and derepression by i ndoleacrylic acid, together with pIAT500 that was constructed in the present work (Fig. 2) .
For all the hybrid genes, the OmpF synthesis was stimulated by indoleacrylic acid and suppressed by tryptophan, indicating that the expression was under the control of trpPO. OmpF synthesis, at maximumin the presence of indoleacrylic acid and the absence of tryptophan, was suppressed in the absence of indoleacrylic acid and the presence of tryptophan.
Effect of the copy number of trpPO
In the course of the construction of the hybrid plasmids, pIAT140 carrying multiple trpPO in tandem was obtained. In this plasmid, the ompF gene was preceded by five successive trpPO that were arranged in the same orientation ( Figs. 1 and 3) . The number and the orientation of trpPO were determined by restriction endonuclease analyses with Bglll md PvuI.
Introduction of the multiple trpFO appreciably enhanced the OmpF synthesis (Fig.  4) . The synthesis was, however, only partially suppressed even in the presence of tryptophan and the absence of indoleacrylic acid, probably due to a shortage of the Trp repres- Construction of piAT141 carrying the multicopy trpPO and the trpR gene W e, therefore, introduced into pIAT140 the trpR gene coding for Trp repressor (Fig. 3) . Plasmid pIAT141 , thus constructed, expressed a huge amount of OmpF in the presence of indoleacrylic acid (Fig. 4) . It accounted for more than 60% of the total envelope proteins. It should be noted that such high level expression was almost completely suppressed when indoleacrylic acid was removed from the culture medium and replaced by tryptophan.
The switching-on of gene expression by the removal of a substance (tryptophan in this case) is not convenient. We sought, therefore, conditions under which switching from complete suppression to high expression can be achieved simply by the addition of indoleacrylic acid. Figure 5 shows that the OmpF synthesis, that was completely suppressed in the presence of 40jug/ml of tryptophan, was derepressed significantly by the addition of indoleacrylic acid (408 0 /^g/ml). The amount of OmpF thus expressed was nearly as high as that reached in the absence of tryptophan (see Fig. 4 The expression was ompF promoter-dependent, and the secretion was OmpF signal peptide-dependent.
In the present work, we constructed a hybrid plasmid, pIAT141-jSE, in which the jS-endorphin gene was linked in frame to the preceding trpPO-ompFfragment, as shown in Fig.  6 . The
OmpF-/?-endorphinl fused peptide, which was expected to be synthesized, is also shown in Fig. 6 . The plasmid thus constructed efficiently directed the indoleacrylic acid-induced synthesis of the /?-endorphin-containing peptide in the E. coli N99 cells (Fig. 7) , which indicates that the expression was controlled by trpVO. The peptide predominantly accumulated in the culture medium; accumulation in the periplasmic space and the cytosol being negligible. E. coli N9915) harboring pIAT141-/?E was precultured in L-broth containing 40^g/ml of tryptophan at 37°C. A one-twentieth volume of the preculture was transferred to medium of the same composition.
After about 2hr-cultivation, indoleacrylic acid was added to the final concentration of 80/ig/ml (time 0; also indicated by an arrow). Then a portion of the culture was withdrawn periodically, and the amounts of /?-endorphin in the culture media (O), the periplasm (A) and the cytosol (A) were determined. Cell growth was followed densitometrically and expressed in Klett units (-å¡--)à" E. coli the controlled high-expression of the ompF gene and of the gene for human /?-endorphin, and the subsequent secretion of the gene products.
This was achieved by incorporation into a plasmid of DNA fragments carrying, respectively, 1) five copies of trpPO arranged in tandem in the same orientation, 2) the signal peptide region of the OmpF protein, and 3) the trpR gene coding for the Trp repressor. trpPO has been widely used as a transcriptional control switch. The use of the multiple trpPO for efficient gene expression has also been studied.16) When the multiple trpPO was used, however, effective control of gene expression was difficult, probable due to a shortage of the Trp repressor (see Fig. 4 ). To achieve high-expression of a gene with effective control, we constructed a hybrid plasmid carrying both the multiple trpPO and the trpR gene. In piATM1 thus constructed, the expression of the ornpF gene was very high and completely controlled by tryptophan and indoleacrylic acid, a co-repressor and derepressor, respectively.
Furthermore, effective control could be achieved only by the addition of indoleacrylic acid, when an appropriate concentration of tryptophan was chosen. Controllable expression plasmid vectors have been also constructed using the lac promoter-operator17) and the lambda PL promoter15) in combination with their repressor genes. The ornpF gene has been successfully used for the construction of an expression-secretion vector.5) Human /?-endorphin was specifically secreted into the culture medium across both the cytoplasmic membrane and the outer membrane of the host E. coli cells, when the gene coding for /?-endorphin was inserted downstream of the DNA fragment coding for the OmpF signal peptide. In the present work, the gene coding for^-endorphin was inserted into piAT141
downstream of the DNA fragment coding for the OmpF signal peptide. The controlled accumulation in the culture medium of /?-endorphin was observed. Thus the controlled expression of a foreign gene and the subsequent secretion into the medium of its product was achieved. The use of a high copynumbered plasmid for the construction of such a vector has so far been unsuccessful.
